jQg^^ Un ^W^^hB%P^ n ^ 1477183 Opposition 



fef^jeurosciences, Inc. 



Patentee: 



Adler eiaL 
toxin. Anou Rev 

Tetanus toxin is a 
ty depend on xioc, 

■ BR, Montecuoco 
proteolytic deav- 

jinu Rev Phyuol 

ic delivery by pH- 



u 



o 



Botulinum Toxin Type B: Experimental 
and Clinical Experience 

Elizabeth Moyer and Paillette E. Sefler 

Athaa Natrosciencex, Inc., South San Francisco, California 



INTRODUCTION 

Botulinum toxins BTXs (types A, B, CI, D, E, P, and G) arc among the most potent 
toxins known. The toxins have been studied since the turn of the century, initially to gam 
an undemanding of botulism, a form of food poisoning. Later, they were studied as 
something of a curiosity, because of the omquely long-lasting and specific muscle 
paralysis induced by minute amounts of the toxins. Today, that "curiosity" is beginning 
to be exploited in the treatment of movement disorders such as blepharospasm and 
lorticoDit. 

The type B toxin is possibly the first BTX ever discovered, having been identified as 
me causative agent in a 3895 outbreak of botulism (1). In this incident, which took place 
in EllezeUes, Belgium, three musicians died. The cause of death appeared to be a 
neuroparalytic toxin produced by an anaerobic, spOTe~fcmung bacterium. When these 
bactena were cultured, the culture medium was found to cause botufism-fike toxicity in a 
variety of experimental animals, by various routes of admioistralirm. It was latex found 
that this toxicity was not prevented by protective autism produced against toxin from 
bacteria isolated from a different incident of botulism, in Germany. Similarly, anrisen 
protective against the Belgian toxin wete not protective against the German toxin, 
although the bacteria that yielded the two toxins, and the toxicity they produced, were 
similar (2). Although both cultures were later lost, it is believed that the second type of 
Clostridium botulinum was a strain of what we today call type A (3). Thus began a long 
list of publications related to the bacteria and their toxins: there are far more publications 
related to BTXs in the following yean man there have been documented cases of human 
botulism. 





STRUCTURE OF BOTULINUM TOXIN TYPE B 
Toxin-NoDtoxic Protein Complex 

As isolated from the bacteria] culture medium, type B toxin (like type A toxin) is found 
combined with nontoxin proteins. In the case of type B toxin, stable complexes of two 
different sizes are formed. These complexes have sedimentation coefficients of 16 and 12 
S, and arc called L (large) and M (medium), respectively. (The uncomplexed, pore toxin 
protein is sometimes called the S, or small, form.) The M complex contains nontoxin 
proteins that reportafly do not have hernagglunmntctivity (4). The larger of the two types 
of complex (L form, about 450-500 kD) contains other proteinfe), in addition to these 
nonioxin proteins, that do have hemagglutinin activity. These toxinnionmxin protein 
complexes are not held together by covaleru bonds and can reversibly dissociate, releasing 
die toxin protein, depending on the pH and ionic strength oF the solution. Bom pH greater 
than 8 and low ionic strength, favor dissociation of the complex. There is some antigenic 
cross- reactivity and sequence homology between the hemagglutinins of the type A and B 
toxins (5). However, neutralization of type B hemagglutinin activity with a type A 
antitoxin prepared against 8 type A toxin-hcroagglulinin complex does not neutralize the 
type B toxin (6). Formation of an association complex with the nontoxin proteins appears 
to stabilize the acljgh y ofBTXs, perhaps by helping to maintain a necessary secondary or 
tertiary strucnm(^ Bt is presumably far this reason thai the only cnrrenUy commcrcMy 



available BTX for dinica! use, type A, is formulated in the form of a tcab^iernagghinV 
nin-cx^aining nontoxin protein complex,, rather than as a fbrrnulation of the pure toxin. 



Toxin 



The type B toxin is synthesized by the bacteria as a single protein chain that has low 
activity until proteoJyticaJJy cleaved. This cleavage — "nicking"- — occurs endogenously 
by the action of bacterial ly produced protease(s) (8,9). Strains that activate most of the . 
produced toxin arc termed "proteolytic " such as the strains "Beans" and **Okra. M Full 
activation of the toxin can also be achieved artificially by trypsimzarion: the bacterial 
nicking protease and trypsin cleave at or very near the same site. The amount of 
endogenous activation varies according to the C. botulbwm type B strain and the 
fermentation conditions. Even under the best conditions, using the proteolytic strains, 
both nicked and imnicked toxin may be produced (10). 

The nicked toxin has 8 molecular weight of about 150,000 kD and is composed of a 
heavy and light chain, held together by a disulfide bond and ooncovaleni bonding. 
Reduction of the disulfide bond causes a separation of the chains and loss of toxicity (11): 
neither chain by itself is toxic. The molecular weights of the two chains are about 1 00,000 
and 50,000 kD, respectively (12). The nicking site is one-third of the length of the single 
chain, and the light chain is formed from the arriinr>termina1 portion. The amirio-terrainai 
sequences of the unnicked type B are identical to the a mine- terminus of the light chain of 
the nicked toxin (13). Whether this prcrteoMk cleavage termed "nicking" is sufficient to 
activate the toxin remains controversial (f)4D 

Until very recently, only limited strucfum information about the type B toxin was 
available. Most of this information was derived by inference from antigenicity studits 
(although there was a limited amount of sequence data obtained from fragments of the 
toxin). The antigenicity data suggested significant differences between the various types 
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of BIX in terms of their ammo acid sequences. The antigenic differences are so 
significant and reproducible, in fact, that the botulinum bacteria are primarily classified 
by the antigenic specificity of the toxins they produce, with additional subdivision by 
group and by strain. Assignment to group is based oo slight differences in culture 
characteristics (proteolytic ability, beat resistance of spores, optimal temperature for 
growth). Various type B bacterial strains within these groups have been described, 
primarily on the basis of the first source of culture. Some amino acid sequence differences 
between type B toxin produced by different strains of type B C. botulinm (15,16) have 
been reported, and even, in some cases (depending on the strain), antigenic differences 
(17). However, neutralizing type B antitoxin raised against one strain of type B bacterial 
toxin is. protective against type B toxin produced from a variety of strains of type B 
bacteria (18). 

The structure of the type B toxin is loosely related to that of tetanus toxin, also 
produced by bacteria of the genus Clostridium. The general size and subunit structure of 
the two classes of toxin are similar, and some aspects of mechanism of action also appear 
to be comparable. Antipeptide antibody binding studies indicate some limited sequence 
homology exists between various BTXs and tetanus toxin, particDlarrv in specific regions 
of the purified (possibly partially unfolded) proteins (19). However, human and mouse 
polyclonal antibodies that neutralize tetanus toxicity do not cross-react with the BTXs. 
This implies that the homologous sequences in the primary structure of tetanus and 
botulinum toxins are generally short amino acid segments that are either not accessible or 
not immunogenic in the native conformation state of the molecules. The functional 
implications of the sequence homology are not yet understood but may be of great interest 
in understanding the mechanism of action of the various toxins. 

Recently, two groups (20,21) have reported sequence information about the type B 
toxin, from two differed type B strains. Comparable information was already available 
for the other types of BTX and for tetanus toxin. A comparison of the type B sequence 
with the sequence of these other toxins indicates that. the heavy chain of type 8 toxin 
produced by the Danish strain has a sequence homology of 48% to the heavy chain of type 
A toxin and 35% homology to the equivalent portion of the tetanus toxin sequence. A 
hydrophilicity plot comparison of various strains of BIX types and of -tetanus toxin 
suggests that for all of them, there is a conserved hydrophobic region in the heavy chain. 
This region may be important for translocation of the toxin across the extracellular 
membrane (see below). In contrast, the portion of the toxins that has previously been 
Hypothesized to be most important to receptor binding, the heavy chain carbbxykerminal 
end, is one of die regions of most divergent sequence. The sequence difference in mis 
portion of the toxins could explain the specificity of receptor binding reported for the 
various types of clostridial toxins. 

The light chain of the type B toxin produced by the Danish and Okra strains have 31- 
32% homology to the light chain of type A toxin as reported by these two groups (20,21). 
Surprisingly, the type B toxin was also found to have a 50-52% homology to the 
equivalent portion of the tetanus toxin sequence. The light chains of type A, CI, and P 
BTXs have a lower (roughly 30%) homology to the equivalent portion of die tetanus 
toxin. Analysis of the light chain sequences of the various types of BTX and of tetanus 
toxin also indicates a highly conserved region mat contains a histi dint-rich sequence. This 
sequence is typical of the active site of njetallopioorinases, and it is tempting to t 
that such activity could have some role in the intracellular action of the toxins. 




PHARMACOLOGY AND TOXICOLOGY OF BOTULINUM TOXIN 
TYPE B 

Mode of Action 

Botulinum toxins, including type B toxin, probably act through a three-step process; 
extracellular binding onto the neuron, internalization, and intracellular poisoning (22). 
Binding appears to occur as a result of an interaction with specific acceptors od the surface 
of the presynaptic motor nerve terminal membrane (23). Using radiolabeled toxins and 
various m vitrofex vivo models, distinct acceptor sites on the presynaptic terminal for 
some of the toxins have been found. Using rat cercbrocortical synaptosomes, sites specific 
for types A, B, E, and P have been reported: the sites are saturable, and toxins of one type 
bind weakly, If at all, to the accep to rs of another type (24). In studies using mouse 
herm'diaphragms, type B toxin was not found to affect type A binding at all. (However, 
Black and Dolly reported that a large excess of type A toxin slightly reduced type B toxin 
binding to mouse henu diaphragms in vitro [25]). Evaluating binding affinities with rat 
brain, synaptosomes, Evans et a), found that there are two populations of acceptors for 
type B toxin: a smaller number of high-affinity sites (K D «= 03-0.5 nM; B^, about 30- 
60 fmol/mg protein), and a larger number of low-affinity sites (Kq = 16-21 nM; B ra > 
> 3000 fmol/mg protein) (26). In mouse heroidiapbragra, the total density of acceptors 
for type B toxin (627 ± 21% sJtcs/^m 7 ) is approximately four times that of acceptors for 
type A toxin (152 ± 20% sites/jun 2 ) by electron microscope autoradiography (25). 

Binding of the various BTXs to neurons is mediated by thecaxbonyl end of thar heavy 
chain (27). Both the single-chain uonidced toxin and the heavy chain of type B toxin bind 
to rat brain synaptosomes, and the heavy chain is a potent inhibitor of the binding of the 
single chain, whereas the light chain is much less effective (28). Preincubation with the 
heavy chain of type B toxin antagonizes the in vitro paralysis of mouse hemidiafhragm 
induced by the active type B dichain (29)* 

Botulinum toxin binding to the presynaptic nerve membrane may involve both mem- 
brane determinants containing sialic acid (probably gangliosides) and one or more pro- 
teins (acceptor/receptor proteins) on the neuronal surface membrane (30). The acceptors 
for BTXs have not yet been isolated or characterized, and the evidence for this double 
receptor hypothesis is indirect, particularly for the role of gangliosides. Gangliosides, but 
not other rrcmbrane lipids, inactivate BTX in vitro and in vivo (31). Certain lectins with 
affinity for sialic acid-containing sugars reduce the binding of BTXs to brain membranes 
and reduce the neuromuscular blocking activity of the toxins (32). The specific gan- 
gtiosides involved may differ between the various types of BTX. Type A toxin binds 
avidly to GQ Ib gangKbsides, whereas type B toxin binds less efficiently to GQ lb gan- 
gljoside (33), and more efficiently to GD t( and GT tb gangliosides than type A toxin (34). 
The results of these studies are highly dependent on the pH and ionic strength of the 
medium, however. Less is known about the protein component of BTX binding to 
neurons. It is presumed that there is such a comporjent, and that it has functional 
significance, by analogy to other, better-characterized receptors. Also, toxin binding to 
synaptosomaJ membranes is affected by pretreaimeut of the membranes with either 
neuranuiudase (attacking the sialic acid residues of the gangliosides) or proteases (35). 
This combination of neuronal -specific phospholipid and receptor protein rtquirtracnts 
nay help explain the very specific neuronal affinity of die Botulinum toxins. 

Binding of the toxin to its acceptor is neither sufficient nor, under experimental 
conditions, necessary to cause paralysis. Intracellular toxicity of the toxins can be 
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observed using methods that bypass the binding step. Such methods include intracellular 
injection of the toxin into Apfysia ganglia (36), or using penueabifized cells (37). 
S imilarly, th ere appears to be a time lag between to vitro binding of the toxin , when tax in 
srtfibody is protective, and subsequent paralysis (38). 

A number of studies, including the histological studies cited above, have shown that 
the toxin is eternalized after binding to the cell surface. For example, in vitro kinetic 
studies using mouse htmkfiaphragm and antibodies to BTX revealed that after a while, 
toxin bound to me cell surface became inaccessible to the antibodies. The toxin is 
therefore presumably bternaiized (thus inaccessible) before the onset of paralysis (39). 
More direct evidence was provided by electron microscopy autoradiography, which 
showed that the toxin appeared to be internalized, in vacuole-IQ* structures (25). 

The utemoGzation process is not completely understood, but, like binding, seems to 
require the presence of the heavy chain of the toxin. After binding, the toxin/receptor 
. complex is taken into an endesome by an active, temperature-dependent process, and the ' 
toxin then somehow enters into the cytosoL The endosome has a lower pH than the 
extracellular milieu, and the lower pH appears to induce a conformarional change in the 
toxin. As a result of the conformational change, hydrophobic domains are exposed that 
interact more extensively with lipids, as demonstrated using a liposome model system 
(40). It is hypothesized that the highly conserved hydrophobic region of the heavy chain 
inserts into the neuronal membrane and forms a channel, allowing some or all of the toxin 
molecule into the cell. Al least in the case of the type B toxin, using a planar lipid bflayer 
model, it appears that at acidic pH, the heavy chain is capable of forming channels (41). 

Inhibition of neurotransmitter secretion is probably caused by a site on the light chain 
(42). The mechanism by which intracellular poisoning is achieved is unknown for BTX- ■ 
B, but it is generally believed to involve enzymatic activity and not mass action or 
receptor occupancy effects. This hypothesis is attractive for two reasons. Hist, since the 
paralysis induced by minuscule amounts of the toxin lasts for weeks or months, h stems 
likely that the toxin must act on an intracellular component by some means that is only 
slowly reversed. Such changes would most likely be catalyzed by an enzyme. Second, an 
enzymatic mechanism seems likely by extrapolation from the more clearly understood 
mechanism of action of other bacterial toxins, such as ricin and diphtheria toxin. These 
toxins have dichain stratum* and apparent structure/fraction activities generally similar 
to those of BTXs. The heavy chains of ricin and diphtheria toxin are also involved m 
binding and totalization, and the light chain is the portion with intracellular activity, m - 
these cases, the activrrv has been demonstrated to be enzymatic (43). Botulinum toxins 
types CI and D have been shown to ADP-ribosylate a merobrane protein in mouse 
synaptosomes (44), but until recently mere was no convincing •evidence that enzymatic 
activity was associated with the other BTX serotypes, including type B. As noted above, 
there is some recency discovered homology between a segment of the amino aod 
seqnrnne fa the central core of the light chain of the various BTXs and zinc-dependent 
metauoprotetnases. This sequence contains a hisiidine-ricb motif that for the metal- 
loproteases represents a rinc-binding site and part of the active site of the protease. Initial 
experiments using type A toxin mutants in which the histidine site has been affected have 
not shown any effect of the mutations on (he effectiveness of BTX in Apbpia neurons 
(45). These results therefore do not support the hypothesis that this putative metal- 
loprotease active site a important to BIX intracellular activity. At the same time, 
chelating agents such as 1 ,10-pheiianthroIine, which are capable of stripping zinc, iron, 
and calcium from proteins, are capable of inactivating BTXs including type B toxin (46). 
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All of the BTX serotypes prevent both spontaneous and evoked quanta! release of 
acetylcholine from the presynaptic neuromuscular junction. However, the intracellular 
mechanism by which this effect is achieved appears to be different A series of studies has 
been performed that emphasizes these differences, io synaptosomal pr epa rati on s, in 
phrenic Dervt-tem'diarjhragms, and also in a double-poisoning experiment using types A 
and B toxins on a triangularis stemi nerve -muscle preparation (47). These studies all 
suggest differences between the toxins in terms of the response to pharmacologic manipu- 
lation of calcium ion movement, or to nucrombule^issociating drugs. 

The most frequently studied difference between the toxins is reversibility of acetyl- 
choline release ummrdon by the amincpyridines. These agents increase nnpulse-cvoked 
Ca 24 influx by blocking presynaptic potassium channels. As a result, neurotransmitter 
release can take place. Aminopyri (fines reverse the poisoning induced by types A and 5 
(AS), but the effect is greatest with type A toxin. The poisoning induced by B,T> t and Fis 
not reversible by aminopyridines. An increase in extracellular calcium or use of a Ca?* 
ionophore, A23187 (49), or guanidine more effectively reverses the effects of type A 
than of type B, C, or E toxins (50). When synaptosomes were pxincubated with 
rmcroturjuleHiissociatjng drugs, there was a reduction of type B (but not of type A) toxin 
inhibition of neurotransmitter release. This effect did not appear to be related to preven- 
tion of binding or internalization of the toxin (49). the most probable explanation for 
these cafrerences is thai the toxins act at different steps in the process thai results b 
neurotransmitter release. 

Comparative Muscle Paralytic Efficacy 

Relatively few studies have been reported evaluating the in vivo muscle paralytic potency 
of BTX types other than type A. Usually, these studies have been performed using rats, a 
species apparently particularly resistant to type B toxin (see below), or rat tissues. In a 
study by Burgen et aL using a rat in vitro phrenic nerve-^aphragm preparation, when the 
toxin was added to the perfusate of the in vitro system, it took amounts of type B toxin 
". . . about 500 limes greater than the amount of type A toxin required to produce a 
similar rate of paralysis. When, however, the phrenic nerve^fiaphragm preparation was 
obtained from young guinea-pigs (150-200 g.) typical neuromuscular block followed the 
addition of 2000 units/ml. of either type A or type B toxin. There were no marked 
differences in the latent period or rate of paralysis between types A and B toxins on this 
preparation. The guinea pig is known to be susceptible to type B toxin. . (51). 

Another study, by Sell in et a!. (57), found that it required 1200 mouse LD M of type B 
toxin to prevent measurable evoked potentials in a rat ex vivo nerve-muscle preparation. 
Tbe difference between these two studies in terms of the effective dose for type B toxin- 
induced paralysis may be that Sell in et al. administered the toxin subcutaneously, above 
the tibialis anterior muscle in vivo, then later removed the extensor digits rum kmgus 
muscle to measure in vitro dectrophysiological effects, while Burgen et al. added the 
toxin to the perfusate of their in vitro preparation. 

in rats, no toxin studied has been found to be as potent as type A. Type £ (53) and F 
(54) toxins have also been studied with the same model, and it was found that the dose and 
duration of the paralysis induced in rats was less than with type A. Unfortunately, given 
tbe species-specificity of the various toxin types, rodent studies must be considered 
inconclusive with respect to predicting the relative clinical potency of the various types of 
BTX. 
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For this reason, we have undertaken to study the paralytic efficacy of BTX-B in norma) 
no tihuman' primates. In these studies, the toxin was injected into three muscles: the 
trapezius, the abductor pollicis brevis (APB) muscle of the thumb, and the extensor 
digjtomm brevis (EDB) muscle of the foot Doses injected into muscles ranged from 5 to 
SO U/muscIe ( I V is the dose equivalent to a mouse btraperitotzeal LD» dose). Efficacy in 
these studies was measured electropbysiolopcany , by a decrease in the peak amplitude of 
the evoked compound muscle action potential. Botulinum toxin type B was found ID 
paralyze Injected muscles effectively. At 2 weeks after the initial injection, there was a 
reduction of maximal muscle electromyographic (EMG) amplitude of 80% or more in the 
APB and EDB muscles injected at all of the doses tested, b aO subjects. A similar 
reduction of maximal trapezius muscle EMG amplitude was observed ate 2 weeks in 10 
of 1 1 animals injected with doses greater than or equal to 80 U/muscle. Muscles paralyzed 
by BTX-B recovered over time. AJJ of the musdes injected with doses in the estimated 
therapeutic range had evoked compound muscle action potentials that could be measured 
by approximately 3 months after the last injection.' This result is In contrast to results 
obtained in the same animals 2 weeks after the initial injection, when several muscles bad 
no measurable evoked compound muscle action potentials. On the basis of visual esti- 
mates of the mass of the three muscles tested (the actual mass of me injected muscles was 
not determined), it appeared that for any given dose, the smaller the muscle mass 
(abductor pollicis brevis < extensor digitorum brevis < trapezius), the longer the duration 
of paralysis. Evoked compound muscle action potentials in the injected APB tended to be 
lower in each animal at each injected dose than in the trapezius, although the dose of 
BTX-B injected into the APB was one-fourth of the trapezius dose. Similarly, whereas at 
the end of the study the evoked compound muscle action potentials in. the APB and 
trapezius muscles in the lowest-efficacy dose group were no longer statistically signifi- 
cantly different from baseline values, the evoked compound muscle action potentials of 
both muscles in the highest-efficacy dose group were significantly (ess than at baseline, 

Reinjedion of recovering muscles with a second dose of BTX-B resulted in a decrease 
in the evoked compound muscle action potentials measured 2 weeks after adminisoarion 
of the second dose. The response of the muscle injected with die second dose of me drug 
did not indicate a cumulative effect of the doses: reinjected muscles were neither more 
completely paralyzed nor longer paralyzed than muscles injected with a single dose of the 
drug. 

For type A toxin, histochemical studies have been made, evaluating the changes mat 
occur after injection of the toxin. Duchen (55) performed a series or such studies, 
injecting the type A toxin into the calf muscles of mice. Typically, the muscles atrophied, 
as expected from a functional denervation. Also observed was a sprouting of nerve fibers 
and a formation of new end plates, which occurred more rapidly in die soleus (a slow- 
twitch red muscle) than in the gastrocnemius (a fast-twitch white muscle). The sprouting 
was observed to take place pjcterrainally as weO as terminally, and collateral sprouting 
was also observed. Over time, as the muscle recovered function, the number of these 
collateral sprouts decreased. Similar sprouting after type A toxin injection has been 
reported in frogs (56), primates (57), and humans (58). 

The mechanism by which the type B toxin muscle paralysis is reversed over time is 
unknown, but it may be assumed to be similar to recovery afhu type A-induced paralysis. 
This conclusion is based on results of a study submitted for publication, cited in a recent 
review article (59). The review article reports that this study was performed in albino 
rabbits, evaluating histochemical changes (acerylchou^usterase stain, muscle fiber size. 
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and ATPasc staining) after injection of either BTXA or a "crude preparation" of type B 
toxin." The denervation indicated by histochcmicaJ staining and fiber size analysis 
appeared transient and lasted for about 3 months for both type A and B toxins." 

Comparative Toxicity Data 

Type B toxin is known to be toxic for humus, as noted in the introduction, when ingested 
in poorly processed foods. In the United States, most reported cases of botnlism have been 
related to either type A or type B toxin: together they accounted far 91% of the cases of 
known toxin-type botulism reported to the Centers for Disease Control frcm 1970 to 1979. 
type A toxin is responsible for twice as many cases of food botulism as rypeB (60). Of 
the two types of human botnlism, type A is considered to be the more severe (61). Unman 
oral toxic doses axe difficult to estimate from these oral food poisoning reports, however, 
and the clinically toxic dose, even by the oral route, is unknown. 

Typically, it cakes I to 2 days for the symptoms of botnlism to develop. The highest 
cranial nerves are affected first, causing medial rectus paresis, ptosis, and sluggish 
pupillary response to light They arc followed by the lower crania] nerves, then the 
peripheral motor neurons, finally and often fatally including those thai. innervate the 
respiratory muscles. Effects on peripheral muscles ere not observed in the absence of 
ophthalmic changes: in one study of an unusually large outbreak of type B botulism (53 
people were hospitalized), all of the patients who brer experienced respiratory difficulty 
or peripheral muscle weakness first demonstrated cranial nerve impairment (62). In some 
cases, patients have signs of autonomic nervous system dysfunction: constipation, disten- 
tion of the urinary bladder, and decreased salivation and tearing (63). Blood counts, 
urinalysis, and clinical chemistry values are normal in botulism, unless there are second- 
ary complications (the most frequent of which is pneumonia associated wit! respiratory 
muscle paralysis) (64). 

A definitive diagnosis of botulism can be made by electromyography (EMG). In 
muscles weakened by botulism, the amplitude of the compound muscle actios potential is 
reduced in response to a supianiaximal stimulation of the nerve (65). In partially para- 
lyzed muscles, the response to a double stimulus shows an incremental response (66). 
However, in severely paralyzed muscles, the neuromuscular blockade may be so complete 
mat repetitive stimulation may not be effective (67). Other EMG measurements appear to 
remain normal in botulism patients: in a report of an extensive EMG study made in a 
single type B botulism patient, the latency of facial nerve and upper limb motor and 
sensory conduction velocities remained normal (68). 

Within- and beween-species toxicity data from various sources for the type B toxin are 
difficult to compare, for several reasons: 

1. Different end points (minimum lethal dose versus LDjq); reference species used (in 
some cases, the data are expressed as mouse lethal units, in other cases, as guinea pig 
lethal units). 

2. Different normalizing units: units per milligram total nitrogen, per absorbance at 
different wavelengths, per milligram protein measured using different assays. (Inter- 
conversions between these units of measure are approximations at best) 

3. Probable differences in the purity of the toxin and/or percentage nicked versos 
unnicked toxin in the test material. 

4. Differences in route of a&mristratkn: intraperitoneal, subcutaneous, intravenous, 
oral, even inhaled. 
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However, as reported even in the earnest studies by van Ermengem, there appears to be 
specks-specificity in terms of the relative sensitivity to type B toxin, with guinea pigs 
more sensitive to type B toxin than rats or rabbits (69). 

Route of administration also appears to make a difference, at least in terms of the 
amount of the drug required for toxicity by various routes of adrmn&ratiori. This should 
not be surprising, as pointed out in a paper by Lamaona (70): 

Poisoning of an animal by any mode of exposure to a toxin, Including inhalation, will 
depend on the outcome of a sequence of four events: first, the capacity of the toxin to 
escape destruction inherent in the techniques of application; second, the capacity of the 
toxin to get to and to remain at the site of deposition where effective systemic 
absorption can take plate; third, the capacity of the toxin after absorption to be 
transported to the primary site of poisoning; and fourth, (he capacity of the toxin to 
resist specific or nonspecific forces of detoxification on route to the sites of action. 

In this paper, for type B toxin, the rapidity of death (presumably inversely proportional to 
me amount of toxin required for overt toxicity) in rabbits appeared to differ significantly 
depending on the route of admklstration. The data, taken from an older article (71), are in 
Table 1. Note that time to death after injection of the toxin by the Intraperitoneal route b 
ogmncanJjy longer than after intramuscular injection. Intraperitoneal injection is the route 
typically used with mice to standardize the relative potency of various preparations of 
BTXs, Despite differences in the route of admmistration, the symptoms of poisoning were 
not apparently different This is also consistent with toxicity data available for other 
BTXs. 

A great difference in (he relative toxicity of type A and type B toxins was also seen to 
the rat, in the study by Burgee et a!, described above, where the LD» extraperitoneal 
injection) in 200 g rats of the two toxins were round to be approximately as follows: rat 
LD», type A toxin = 25 mouse Lpjo; rat LD^o, type B toxin » 10,000 mouse LDjq. 
Settin et al. t in the comparable study, round that doses of type B toxin of SOOO.mouse LDje 



Table 1 Order of Rapidity of Death of Rabbits by Various 
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caused debilitation or death (in contrast, only 20 mouse LD^ units of type A toxia caused 
similar toxicity). In the Lamanna paper, date were also given comparing the sensitivities 
of guinea pigs to different types BTX administered by various routes, as listed in Table 1 
The doses in this table are expressed in mouse intraperitoneal units, in which one unit is 
the mouse LD A dose by that route of adimnistration. Whereas for BTX-A.and BTX-B 
toxicity by (be various routes is of (he same order of magnitude, the type £ toxin appeared 
to be much less toxic Although no mfonnation about the bacteria! source strains, level of 
purification, or prctrcatmenl was provided, the difference is presumably due— at least in 
part— to me amount of nicking in the tested toxins. Type A toxin is always nicked by the 
organisms, type B may be (depending on whether the source strain was proteolytic or 
not), and type E toxin is cot nicked endogenousJy. 

In another report, using type B toxin crudely purified from a nonproteolytic strain (the 
toxin was therefore presumably mostly in an unnicked form), another comparison of route . 
of administratbn versus test species was made (72). The results are summarized b Table 
3. The data from mis study suggest that the relative oral potency of this toxin preparation 
may nave been ranch greater dun for the toxin preparation cited by Lamanna. lUs may 
reflect the amount of nicking of the toxin (by the oral route, the toxin may have become 
activated in the gastrointestinal tract, while less activation occurred after parenteral 
administration). 

No primate toxicity data for type B toxin were found in the fiterature, other than a 
single-animal, single-dose report. In this study, h was reported that far rhesus monkeys, 
oral administration of 100 guinea pig minimum lethal dose (least amount that wdll Jdl) a 
350 g guinea pig m 96 hours after subcutaneous injection) was lethal within 24 hours, 

As part of our studies evaluating the effects of BTX-B in normal nonhuman primates, 
we also evaluated the potential toxicity of doses 10 to 20 times those that effectively 
paralyzed muscles. In these studies, the toxin was injected mtramuscularly, in doses 
divided over five different muscles: the trapezius, abductor poUiris brevis, extensor 
digitorum brevis, gluteus maximus, and biceps remans. Doses in this phase of the study 
ranged from total body doses of 120 to 480 U/kg total body weight Toxicity was evalu- 
ated by clinical observations, clinical chemistries, ophthalmoscopic evaluations, electro- 
cardiograms, and electrophysiological measurements: changes in peak evoked compound 
muscle action potential of muscles not injected with the drug (expected to be reduced if 
system weakening was caused by the drug), nerve conduction velocities of peripheral 
motor and sensory nerves (expected to change as a result of distal myelinopathies and 
axonopathies), and somatosensory evoked potentials to evaluate potential dysfunction 



Table 2 Toxicity of Botulinum Toxins for the Guinea 
Fig by Various Routes 
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tahle3 Relative Susceptibility of Mice, Guinea Pigs, 
and Rabbits to Type B Toxin Administered Subcuta- 
necusry; or Orally, as Multiples of Number of Oureea 
Pig Minimum Lethal Subcutaneous Doses 



81 



Species 


Route of admin 




Subcutaneous 


On) 


Mice 


0.2 


2 


Guinea pip 


1 


2 


Rabbits 


20 


too 



Starrer: Band on data from Ref. 72. 



m the central nervous system. No signs of toxicity were observed, even after injection of a 
total of 480 U/kg, cither when administered in a single dosing or when administered as 
two separate doses of 240 U/kg given IJ weeks apart Specifically, there were no signs of 
autonomic nervous system deficits, ophthalmic changes, difficulty in swallowing, or 
inability to maintain normal posture, even at the highest dose tested. Electiocardrbgraphie 
changes initially observed in a preliminary segment of the study were found to be the 
result of the tannine and pentobarbital anesthesia regimen, rather man related to the 
toxin itself. The EMO studies also did not indicate any central or peripheral neuropamy or 
systemic muscle weakness, even at the highest doses tested. In one of the test groups, a 
dose of 240 U/kg was reinjected into the same animals less than 3 months after an initial 
dose of 240 U/kg. Again, in these animals, no signs of toxicity were observed, according 
to the measures listed above. 



CLINICAL USES OF BOTULINUM TOXIN TYPE B 

The relative clinical value of BTX-A and BTX-B in the treatment of cervical dystonia, or 
other movement disorders, is currently unknown. The structural and pharmacologic 
differences between the types of toxin, summarized above, suggest that they might not be 
therapeutically equivalent. Such differences, if real, are likely to be demoostrated only 
after injection into dystontc muscles. However, even assuming no specific therapeutic 
benefit of one toxin type over the other, type B toxin could still be useful for this 
Mention. Because the two toxins are antigenicaJJy different (antibodies to type A do not 
block the effects of type B toxin, and vice versa, in animals or in vitro models), the two 
toxins could be used together, or in rotation, thus reducing antigenic presentation of either 
toxin. This, in turn, could delay, reduce, or prevent the development of resistance to toxin 
therapy. In those patients who have already developed resistance to botnfinum toxin type 
A, the type B toxin could provide the best treatment available. 

While our studies in nonhuman primates suggest mat BTX-B may be effective and 
have an excellent therapeutic index, the actual effectiveness of this drag can be judged 
only after use in dystonia patients. Hie extrapolation of these results from normal 
nonhuman primates to dystonic humans assumes no major difference in terms of sensi- 
tivity to this specific serotype of the toxin, and no unique difference in muscle responsive- 
ness associated with dystonia as opposed to normal muscles. 
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SUMMARY 

The type B botulinum toxin has many biochemical and biological similarities to other 
serotypes of BTX. At the same time, Acre arc some indications that the type B toxin may 
have some unique properties that could have beneficial clinical implications. Most 
obvious of these is that its amino acid sequence is sufficiently different from those of other 
serotypes that type A-ctsistant patients may respond to type B, The mechanistic differ- 
ences in the mode of action of the various types of BTX have not yet been intensively 
studied under conditions mat will allow prediction of clinical benefit (if any) to dystonia 
patients. Most of these studies to date have been performed in norma! rodents or using in 
vitro/ex vivo models, which, because of interspecies differences m sensitivity to various 
types of the toxin, may not be directly applicable. Preliminary daia from cur laboratory, 
however, suggests thai type B toxin effectively paralyzes rmnhuman primate muscle after 
intramuscular injection and is possibly less likely to cause systemic toxicity than type A 
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